In this paper we explore the persuasive effects of social feedback, as provided by an embodied agent, on behavioral change. In a lab setting, two experiments were conducted in which participants had the opportunity to conserve energy while carrying out washing tasks with a simulated washing machine. The experiments tested the effect of positive and negative social feedback and compared these effects to more widely used factual feedback. Results of both studies indicate that social feedback has stronger persuasive effects than factual feedback (Experiment 1) and factual-evaluative feedback (Experiment 2). In addition, an effect of feedback valence was found, demonstrating more conservation actions following negative feedback (social or factual) as compared to positive feedback. Interestingly, especially negative social feedback had the strongest persuasive effects. The predicted perceived agency effect could not be demonstrated. These findings have several implications for theory and design of persuasive robotic agents.
INTRODUCTION
The exhaustion of natural resources and the threats of growing CO2-emissions and climate change effects have urged nations worldwide to seek for substantial reductions in energy consumption. Although technological solutions like more efficient systems and devices and the development of renewable energy sources are of great importance, consumer behavior plays a crucial role in bringing down the level of energy consumption.
Influencing consumer behavior to promote energy conservation has become an important target of national and international policy efforts. Thereby, the question which instruments should be applied to promote energy conservation behavior has become highly relevant. Recent reviews (e.g. (1, 9) have evaluated the effects of interventions to promote energy efficient behavior. In general, mass media public campaigns seem to lack precision in targeting and message concreteness to achieve behavioral change. By contrast, raising people's awareness of energy consumption by providing tailored feedback about their energy consumption (for example in kWh) can promote the achievement of behavioral change. The results are mixed though. Weak linkages between specific actions and energy outcomes caused by low feedback frequencies (e.g. once month) and insufficient specificity of the feedback (e.g. household in general vs. specific person or specific devices) are underlying these findings. Recently, technological solutions have created new opportunities to improve feedback efficacy by embedding it in user-system interactions. That is, energy use is in essence always the outcome of an interaction between a user and some energy-using device. Intervening in these specific interactions might improve the quality of feedback substantially. Some evidence supports this claim. McCalley and Midden (7, 8) demonstrated in several studies that interactive forms of feedback could be effective to enhance energy efficient use of devices like a washing machine. By adding an energy meter to the user interface of a washing machine they achieved 18% of energy conservation both in lab and field studies. Basically, their approach entailed giving factual feedback in terms of kWh consumed as a function of programming choices made by the user, like water temperature, spinning speed or the duration of the washing cycle.
In the present study we follow up on this work by aiming to increase the persuasiveness of the system through the introduction of social feedback. We examine whether social feedback can add to the promotion of pro-environmental behaviors such as energy conservation in the home.
Social reinforcement has been applied widely in many domains such as child education, therapeutic programs, health behavior and social interaction as a mechanism for behavioral change (2) .
Social praise and compliments operate as positive incentives. Negative social incentives, like signs of disapproval, have been applied less widely, but nonetheless have been demonstrated to be effective as well (e.g. 13).
Assuming the effectiveness of social reinforcements as delivered by human actors, can we expect social reinforcement to work as well when submitted by an intelligent system? The research on the media equation (10) suggests that people show similar social behavior in interaction with computer systems as with humans. Social praise from a computer has been reported to enhance the attractiveness of the computer, and made people feel better and more positive about the interaction with the computer (6) . In spite of the relevance of these findings, no direct evidence is available for the effects of social reinforcements on behavioral change.
In the present research we want to explore the effectiveness of social feedback as provided by a smart robotic agent and compare this with the more widely used factual forms of feedback, in particular interactive feedback, which can be considered as the most successful type (9) .
The media equation studies have shown that people are not very sensitive to social differences between computers and humans. At least people seem to react similarly when confronted with computer or human agents. Social cues seem to automatically activate social reactions. Considering the finding by Fogg and Nass (6), we wanted to explore whether these conclusions would also hold for behavior change interventions through social feedback. It seems plausible that an intelligent system that is perceived as social actor should also be able to influence the behavior of a person that receives social feedback from the system. Surprisingly, social feedback by smart computer agents has mainly focused on positive social feedback only. 1 We conjecture that the effects of negative social feedback may differ from positive social feedback. Although negative feedback may be less pleasant for the user, there are reasons to expect significant outcomes from negative feedback. In a more general sense negative events show, almost universally, higher impacts than positive events and bad information is usually processed more intensely than positive information (4, 11, 12) . Some basic explanations have been offered for this phenomenon. In an evolutionary sense negative information is more valuable for adaptation than positive information. Ignoring danger is in general more threatening for survival than missing a positive opportunity. Negative information signals a need for change, thereby feeding the self-regulatory system, through which an individual can adapt to changing circumstances (3) . Negative information has a higher level of diagnosticity. One accident may make a system unsafe, while long periods of flawless functioning are necessary to create a feeling of safety. Following this reasoning, we expected negative feedback to be more effective than positive feedback.
Considering the social nature of the feedback, we expected the source to be important as well. It seems not very plausible that people will be impressed by social reactions that cannot be linked to an agent, that is, an actor that is capable of making an independent value judgment. While human beings may differ in the level of agency attributed to them, this is probably truer for robotic agents.
To explore this expectation we included in our study a manipulation of perceived agency expecting that social feedback provided by an agent with high perceived agency would be more persuasive than an actor with low perceived agency.
EXPERIMENT 1
To study the influence of social feedback by a smart computer agent on user behavior we set up an experiment in which subjects received social feedback from a robotic agent while carrying out tasks in which they could conserve energy. More specifically, we tested the effects of social feedback compared to factual feedback, the effect of positive vs. negative feedback and finally we explored the effect of low vs. high perceived agency as a characteristic of the feedback source.
Method

Participants and design
Thirty-three participants (27 men and 6 women) were randomly assigned to one of three experimental conditions: a factual feedback condition, a low-agency social feedback condition, and a high-agency social feedback condition. In addition, each participant completed 10 washing trials, which composed the 10 levels of our second independent variable. All participants were native Dutch speakers. The experiments lasted 30 minutes, for which participants were paid 3 Euros (approximately $3.75 U.S. at the time this study was conducted).
Materials and procedure
Participants were invited to engage in an experiment using a simulated washing machine. Upon arrival, they were seated individually in a small room in front of a computer. For participants in both social feedback conditions, an iCat was positioned on the participants' desk, to the right of the computer. An iCat is a robot developed by the Philips Corporation 2 in the form of the stylized head of a cat, that is able, among others, to display social expressions by moving lips, eyes, eyelashes, and eyebrows, and by playing speech files. For participants in the factual feedback condition the iCat was not present in the room. For all participants, a simulated washing machine panel was presented in the top half of the screen (see Figure 1 ). This panel was a copy of a current state-of-the-art model (Miele Novotronic) with the usual button and dials and corresponding labels and symbols. For participants in the factual feedback condition, we added an energy meter to the panel that provided participants with kWh feedback about the wash program the chose. This energy meter clearly displayed the amount of electricity in kWh corresponding to the chosen washing program. For participants in both social feedback conditions, this energy meter was not presented. For all participants, in the bottom half of the screen, a program displaying the instructions, tasks and questions was presented. This program started with general introductions, and then instructed participants about the task: they were asked to "do washes as you do at home" by completing several simulated washing trials on a computer. Next, participants were instructed on how to program the washing machine. Participants then were given two goals: First, they were instructed to do each washing as good as possible, that is, to clean the clothes and not damage them. Second, participants were instructed to use as little electricity as possible. They were informed that washing costs electricity and that during the washing trials they would receive feedback on how much electricity the selected washing program would consume.
To participants in the factual feedback condition the program next explained the energy meter and the way it provided factual feedback about the actual electricity use of the chosen washing program. To participants in the low-agency social feedback conditions, the program told that this washing machine was equipped with an "advanced electronic device" (the iCat) that provided the washing machine with the option of giving feedback to participants on the amount of electricity consumed. In these instructions, it was underlined that the washing machine was the cause and director of all expressions presented on the "device". Next, the social feedback that the washing machine could present through the "device" was described. Participants were told that this social feedback could consist of various facial expressions, little flashing lights on the body, and brief speech utterances. Some examples of positive and negative feedback were described. To participants in the high-agency social feedback condition, the program described the iCat, named "Victor" and its characteristics. They were told that Victor was a very advanced robot that had a little mind of its own. They were explained that Victor would be informing them about the energy consumption of the washing program they chose by using their settings on screen. After one practice trial, the two goals (clean laundry and low electricity consumption) were repeated, after which the actual 10 washing trials started. For each trial (and also the practice trial), participants were instructed to complete a specific type of wash (e.g., "wash four very dirty jeans"). Each description of a specific type of wash was randomly drawn from a collection of thirty descriptions of common washes, for each trial of each participant such that each participant completed ten different washes. During each washing trial, participants were able to change settings on the washing machine panel until they were satisfied and were asked to press a "start" button to finalize their chosen settings. Participants received feedback about the energy consumption of the chosen washing program after each change of settings. Participants in the factual feedback condition received factual feedback through the energy meter. Likewise, participants in both social feedback conditions received social feedback through the iCat during each trial. More specifically, when energy consumption was below the middle of the scale, the iCat gave positive feedback, and negative social feedback when above the middle of the scale. For small deviations from the middle of the scale, the iCat showed one of three different positive respectively one of three negative facial expressions (feedback level 'low', e.g., a smiling face or a sad face), for more grave deviations, the iCat illuminated little lights at the top of its ears (feedback level 'medium', green for positive feedback and red for negative feedback), and for the most grave deviations the iCat uttered a positive or negative word (feedback level 'high', e.g., "Fantastic!" or "Gruesome!"). In addition to the manipulation of agency by means of the instructions describing the iCat (described earlier), there was another difference between the low-agency and highagency social feedback conditions. That is, in the low-agency social feedback condition the iCat used only one specific brief speech utterance (drawn randomly from a set of six) repeatedly to give positive social feedback during the washing trials, and another to give negative social feedback (drawn from a set of six). In contrast, the iCat in the high-agency social feedback condition used various synonyms: one of six different speech utterances (drawn from the same set of six positive utterances) to give positive social feedback, and one of six others for negative social feedback (drawn from the same set of negative utterances).
After all 10 washing trials had been completed, participants answered several demographic questions, were debriefed and thanked for their participation.
Results
For each of the ten washing trials of each participant, we calculated the difference between the amount of electricity a participant's settings would have used, and the average usage of electricity for that specific type of wash (e.g., the 4 very dirty jeans) by all participants in our study. We labeled this the energy consumption score. This way, we were able to calculate a dependent variable that indicated the difference between a reference amount of electricity needed for a specific type of washing task (at least in the current study) and the electricity a participant chose to use. This energy consumption score was submitted to a 3 (feedback condition: factual feedback vs. low-agency social feedback vs. high-agency social feedback) x 10 (washing trials: 1 to 10) MANOVA, with the last variable within-subjects. Our expectancies were confirmed. That is, we found that participants who received social feedback consumed less electricity than participants who received factual feedback, indicated by a main effect of feedback condition, F(2, 30) = 3.42, p < .05. More specifically, participants who received low-agency social feedback (M = -.02, SD = .16) and participants who received high-agency social feedback (M = -.05, SD = .17) used less electricity than participants who received factual feedback (M = .11, SD = .11), F(1, 30) = 6.64, p < .05. Note that these are energy consumption scores-therefore this indicates that factual feedback leads to more electricity consumption than the average usage for a specific type of wash, Importantly, the electricity consumption of participants who received low-agency showed no difference from the electricity Furthermore, we found no effect on electricity consumption by washing trial condition, nor an interaction, both F's < 1.
To be able to distinguish the effects of positive and negative feedback we calculated an index based on total number of actions of users in the user interface. This means that we not only included the final choices per trial, but all the preceding programming choices. As explained in the method section, these were all followed by (factual or social) feedback, either positive or negative. The index subtracted for each action the following choice, in terms of energy consumption effect, from the current choice, thereby indicating whether the feedback resulted in a higher or lower energy consumption score for the next following choice.
These scores were submitted to a 3 (feedback condition: factual feedback vs. low-agency social feedback vs. high-agency social feedback) x 2 (type of feedback: positive vs. negative) x 3 (feedback level: low vs. medium vs. high) MANOVA. More specifically, these findings showed that the greatest changes to conservation behavior were achieved after negative feedback (compared to positive feedback), in particular at the highest feedback level (including speech). As expected this effect was strongest for the participants who received social feedback. Surprisingly this effect was stronger in the social feedback condition with low agency compared to the social feedback condition with high agency.
In sum, our findings of study 1 suggest that social feedback has a higher impact on behavior than factual feedback. Furthermore, we found that the verbal reactions of the robot were important in generating the effect of social feedback. Facial expressions and light signal only did not generate effects. Also, negative feedback (compared to positive feedback) had the strongest effect on conservation behavior, especially when negative feedback was given by the iCat. Finally we did not find an effect of our perceived agency manipulation.
Before drawing firm conclusions, however, we performed a second experiment to replicate these results. In addition, in the second experiment we manipulated feedback type (positive versus negative) between participants. That is, in Experiment 1 all participants received both positive and negative feedback. Thereby, any effects of negative versus positive feedback might be dependent on the presence of the opposite type of feedback, and therefore we cannot draw the strong conclusion that indeed solely negative feedback leads to the lowest energy consumption.
Furthermore, in Experiment 1 factual feedback was fundamentally factual in that it consisted of the amount of KWh used presented on the energy meter (as described in the Method section of Experiment 1). However, thereby the factual feedback was not only non-social, but also non-evaluative. That is, whereas in the social feedback of Experiment 1 an evaluation was included (as e.g. in "Fantastic!"), an explicit evaluation was not included in giving factual feedback by the energy bar that indicated for example 1,14 kWh. Because with our manipulation of feedback condition (factual feedback vs. social feedback) we mainly wanted to influence whether feedback was social in nature or not, we changed the content of the factual feedback in Experiment 2 to include an evaluation. We did this by introducing a separate feedback device (labeled the "energy lamp") to give factualevaluative feedback.
EXPERIMENT 2
Method
Experiment 2 was completely identical to Experiment 1, except for the following changes. First, we manipulated positive versus negative feedback between participants. Half of the participants received only positive feedback, while the other half received only negative feedback. Second, the energy bar used in Experiment 1 was not shown in the factual-evaluative feedback conditions of Experiment 2. Instead, next to the computer with display on which the washing machine simulation was presented, a CRT monitor and two loudspeakers were positioned. When no feedback was being given, the screen was always white and the speakers silent. Screen and speakers were used to give participants factual-evaluative feedback by changing the color of the screen combined with a sound. In the negative feedback conditions, factual evaluative feedback was given when participants used more energy than the middle of the scale. This was done by changing the color of the screen in small steps from white to red and back to white again within 3 seconds. In addition, an unpleasant sound (a buzzer) was played trough the speakers for one second. The strength of the red color and the loudness of the sound depended on the amount of energy a participant consumed on that specific setting. So if a setting used only slightly more than the middle of the scale, the screen changed only to slightly red, and a soft buzzer sounded. If however a setting used much more than the middle of the scale, the screen changed color to dark red, and a loud buzzer sounded. In the positive feedback conditions, factual evaluative feedback was given in an identical fashion, but now the screen color changed from white to green, and the sound played was a pleasant ring. The level of detail of the factual-evaluative feedback was kept similar to that of the social feedback conditions. (Midden & Huijts, 2009) 
Participants and design
Sixty-five participants (47 man and 18 woman) were randomly assigned to one of four experimental conditions: 2 (feedback condition: factual-evaluative feedback vs. social-evaluative feedback) x (feedback type: positive vs. negative). In addition, each participant completed 16 washing trials, which composed the 16 levels of our third independent variable. All participants were native Dutch speakers. The experiments lasted 30 minutes, for which participants were paid 3 Euros (approximately US $3.75 at the time this study was conducted).
Materials and procedure
Apart from the changes described above the experimental procedure was identical to that of study 1.
As in Experiment 1, we calculated an energy consumption score per washing trial by subtracting the average energy used for a specific type of washing from the amount of energy a participant used for that specific washing.
Results
The energy consumption score was submitted to a 2 (feedback condition: factual feedback vs. social feedback) 
GENERAL DISCUSSION
In general our findings demonstrate that people are sensitive to social feedback as provided by an embodied agent. Apparently, persuasive robotic agents are able to create behavior change among human users. Remarkably, our findings suggest that this effect is greater compared to the effects of factual-evaluative feedback, which was also provided interactively. The latter type of feedback can be considered as one of the most successful types of feedback employed earlier to induce energy conservation behavior (9) .
In contrast to earlier work that focused on praise, our feedback intervention included both positive and negative feedback (Study 1). The effect of social feedback on energy conservation should therefore be considered as the joint effect of both positive as well as negative feedback. Interestingly however, our analysis on the level of single programming acts within trials, suggested that the direct influence of negative feedback on following programming choices was greater than the effect of the positive feedback. The results of Study 2 demonstrated convincingly that providing single negative feedback is more effective than providing single positive feedback.
Moreover, it seemed as if the positive feedback encouraged participants to enhance their energy consumption. Thus, while people may feel pleased by a system that offers compliments to a user, this does not ensure that this user may also change his or her behavior. In particular, this may hold if a user has other goals to meet, like in our case getting clean laundry.
To our surprise, we did not find the expected effects of perceived agency. The participants in the low agency group conserved overall as much energy as those in the high agency group. Our analysis at the level of the single programming acts revealed a combined effect of feedback type and condition, suggesting that the greatest effects on user choices occurred in the social feedback group with low perceived agency. This was true for the changes in the direction of more conservation, often following negative feedback, but also for the changes to higher consumption, often resulting from positive feedback. Using our present data we cannot fully disentangle these effects. However, our explorative manipulation of agency may have played a role here. The manipulation was to a large extent a verbal one, introducing the iCat Victor either as a robot with a 'little mind of its own' or as a mere extension of the washing machine. Our tentative explanation is that this verbal manipulation was overruled by the direct experiences of the participants in their interactions with the iCat, which might even have caused a surprise effect among the participants in the low agency condition.
Our present findings enhance our understanding of the persuasive potential at the behavioral level of embodied agents. They also suggest issues for further exploration such as the differential effects of positive and negative feedback, either single or combined. We propose that the stronger persuasive effect of negative (social) feedback might be strongly related to its efficaciousness. That is, negative feedback affords people to adapt their behavior to fit a situation. One of the consequences of this might be that negative feedback might lose its persuasive power when feedback is not situation and behavior specific. Finally, future research might also investigate the influence of perceived agency, for which further conceptualization and improved measures will be needed as well.
